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CELL FOR ALUMINIUM 
ELECraOWINNING 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This is a continuation of application Ser. No. 08/96 U924, 
filed Oct. 3K 1997, now U.S. Pat. No. 5,888,360, which is 
a divisional of application Ser. No. 08/571,629, filed Dec. 
13, 1995 (now U.S. Pat. No. 5,683,559), which is a file 
wrapper continuation of application Ser. No. 08/302,178, 
filed Sep. 8, 1994 (now abandoned). 

HELD OF THE INVENTION 

The present invention concerns a new and improved cell 
for the electrowinning of alaminium by the electrolysis of 
alumina dissolved in a halide-based moken electrolyte such 
as cryolite. 

BACKGROUND OF THE INVENTION 

The technology for the production of aluminium by the 
electrolysis of alumina, dissolved in molten cryolite con- 
taining salts, at temperatures around 950"^ C. is more than 
one hundred years old. 

This process, conceived almost simultaneously by Hall 
and Heroult, has not evolved as much as other electrochemi- 
cal pt'ocesses, despite the tremendous growth in the total 
production of saluniiniuifn tt^t in fifty years has increased 
alntost one hundtied fold. The pro<^ss arid the eel! design 
have not undergone sisiy great chiange or improvem^t and 
carbonaceous mateiials aife siiil us^d 'sis' decn-odes and cell 
iifdngs. 

The electrolytic cell troi^gh is ^pically made of a steel 
shell provided with an iiisulatihg lining of refractory mate- 
riai coyerea by anthracite-based of graphite carfion bl6clcs at 
the w^ aii<i at the cell floor bottom whidh acts as cathode 
and to which the hegadW pdJe 'of a direct cunfent soun^e is 
coimfecte4'by means of ste^l conductor bars embedded in the 
carbon blocla. 

The anodes are still made of carbonaceous material and 
must be replaced every few weeks. The operating tempera- 
tore is still approximately 950^ C. in order to have a 
sufficiently high rate of dissolution of alumina which 
decreases at lower temperatures and to have a higher con- 
ductivity of the electioiyte. 

the carbonaceous materials used in Hall-Herouh cells as 
cell lining deteriorate under the existing adverse operating 
conditions and limit the cell life. 

The anodes have a very short life because during elec- 
trolysis the oxygen which should evolve on ^e anode 
smface combines with the <:arbon to form CO^ and small 
amounts of CO. The actual consumption of the anode is 
approximately 450 kg/ton of aluminium produced which is 
more than 'A higher than the theoretical amount. 

The carbcm lining of Ae cathode bottom has a useful life 
of a few years after which the operation of the entire cell 
must be stopped and the cell relined at great cost. Despite an 
aluminium pool having a thickness of 15 to 20 cm main- 
tained over the cathode, the deterioration of the cathode 
carbon blocks cannot be avoided because of penea-ation of 
sodium into the carbon which by chemical reaction and 
intercalation causes swellings deformation and disintegra- 
tion of the cathode carbon blocks* as well as penetration of 
cryolite and liquid sdumkuum. 

Tlie cari>on blocks of the cell side wall do not resist 
oxidation ^d attack by cryolite and a layer of solidified 
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ciyolite has to be maintained on the cell side walls to protect 
them. In addition, when cells are rebuilt, there are problems 
of disposal of the carbon cathodes which contain toxic 
compounds including cyanides. 
^ Another major drawback, however, is due to the fact that 
irregular electromagnetic forces create waves in the njolien 
aluminium pool and the anode-cathode distance (ACD), also 
called interelectrode gap (lEG), must be kept at a safe 
minimum value of approximately 50 mm to avoid short 
10 circuiting between the aluminium cathode and the anode or 
reoxidation of the metal by contact wirii the CO^ gas formed 
at the anode surface. 

The high elfectrical resistivity of the elecn-olyte, which is 
about 0.4 ohm. cm., causes a vcflta^e drop which done 
represents nWfe than 40% of the total voltage (kop vi^ith a 
resulting enefgy efficiency which reached ohly 25% in the 
most modem cells. Tm hi^ c<>st of eraeigy together wi^ the 
low efficiency, has become an even bigger item in the total 
mjmufacturiAg costof aluminiuht since the oil crisis, and has 
-0 decreased the rate of growth of this ii?ipor|am met^. 

In the second largest electrochemical indusny following 
aluminiiith, riamMy tiie caustic and chlorine iftduigtry, the 
invention of tiie dim^sionally stable anodes (DSA€>) based 
on noble meta3"activa^ titiAfiiumtnetal* whidh w^re deVeK 
oped around 1970, peimitted a revohmoiiiaafy ingress i#^ 
chlorine ^eilte^^loj^rfesntogdn a subsiafttMincreai^e in 
cell energy effic^i^cy, in cell life andi^in cbfer^-^aus^c 
purity. l?he substitution of graphite Miodfe5 wi^ 'f)S A® 
increased drastii^a^y ihe <Me of tfefe anodes and teiteced 
substantially the cOst of operating the cells. ^zp\d ^wth of 
the chlorine cas^G;in4t*stiy was retarded only.by «^lo#cal 
concerns. < . , - . . 

In the^ase of ^^umimum^productfoniiioHttttQn^ls notdue 
to the altaminmiti^eEodticed, but to .materi^vmid the 
manufacturing processes ^iised am! to^^ .cell design^ 

operation, > . > < ^ . 

Ho^^^ven pi^g^s^^as tteenrepimed jh^opmtiQn of 
modem ^mil^d^ ^^ts whidt utlil^i^y$ wiiere^f ases 
emanating from the ceHs are in large pait collected i^d 
adequately scrubbed ^d where die emission of higjily 
polluting gases ^durii^ the manufacwe of die carbon ^modes 
and cathodes ^ car^ef^y connoHed. 

While progress has been r^itedin the fabrication of 
carbon cathodes by itte application of coatings or -layers 
using new aluminium wettable materials vi^rch are also a 
barrier to sodium peneira^n during electrolysis, no 
progress has been ^diieved in design of ca^iodes for alu- 
minitim production cdls w^th a .view to reducing inter- 
elecu^ode gap Md die rate of wear of its surface, 

U.S. Pat. No. 4^560*488 to^ane et al discloses a recent 
development in molten salt electrolysis cells conceftlii^ 
making materials writable by molten alaminium. However 
the carbon or ophite ^odes and cadiodes ^ of conven- 
55 tionsd design^ mih no suggesticai leadmg to the present 
invention. 

U.S. Pat. No. 4,681,671 to- Dumz illttseates anodier 
improvement in molten salt dectrolysis wherein opera^on at 
lower than usual temperatures is earned out udlidng per- 
60 manent anodes, e.g. metal, alloy, ceramic or a met^^^ceiigBnic 
composite asxiisclosed in Etiropean Patent? AppUcal^&n No. 
0030834 and U.S. Pat. No. 4,397,729. Ag^n* while 
improved operation is achievedat low«r tOTpepa^ues* there 
is no suggestion of the subject matter of die present inven- 
65 tion. 

PGT Application WO 89/06289 to U Camm et al deals 
with an improved molten elecnolysis^ wherein attention is 


3 4 

directed to an electrode having increased surface area. that the pool is segmented into sections by the channels* the 

However, again, there is no disclosure leading one to the magnetohydrodynamic forces are decreased significantly 

present invention. and movement of aluminium in the pool is significantly 

The following references disclose several other attempts reduced. The depth of the aluminium pool can thus be 

to improve cell operation. 5 reduced because of the resulting reduction in turbulence, 

„ „ A 1- . VT «^/^«-r^.^ i Morcovcr, rcduction of thc turbulcncc itt thc oluHiinium pool 

European Patent Application No. 0308015 to de Nora important because this is the origin for the formationof 

discloses a novel current collector; aluminium particles in the electrolyte, which particles are 

European Patent Application No. 0308013 to de Nora oxidized by CO. with the formation of alumina, 

deals with a novel composite ceD bottom; and in either case, for the drained configuration or when there 

European Patei^ Application No. 0132,0^1 to Dewing is a pool of aluminium, the inter-dlectrode distance is 

provides a novel cell lining. reduced with a concomitant redaction of cell voltage and an 

U.S. Pat. No. 5.203,97 1 discloses an alu^W electrow- increase in energy elSciency. 

innipg cell having a partly refractory and patrtly carbon advantage obtamed with the channeled cell bottom is 

based cell lining, Th^ carbon-based part of the cell bottom n extended in compmson with other electrolytic 

may be recessed in respect to the refractory p^rt. ^ alut^mum production cells. Moreover, the channeled catb- 

,v f " r -J- . J ir odeimproves-theumfonm^^otrtie.cunrentdistnbuttonand 

Whik the fwegomg references indicate continued efforts .^^^^^ ^ ^jg^i^ Advantageously, there may 

t« improve, Ae^operatjon of molten cell electrolysis at least one crosschannel or «oove which intersect, with 

op^maons. none de^a with or syggest the present invention. ^ p^,^, ^^^^^^ ^ ^^^'^ ^„ 

SUMMARY OF THE INVENTION aluminiuni. 

~ . . . , u, • L At least some pf the channels or grooves can be formed 

^Jh^simmmmmst^^^^^^ inher^ntm the ^ ^^^^ ^ 

convemonal design, pf cdl^^ iised m th^, #e^trw^ of j„ ^ ^j^^^^, ^^^^ betweeatwo beveled 

^mmium via electrolysis of ^U0»mv djs^lve^ in molten ^^^^^^^ ^y^^y^ 

hafc#s m pjtfticu^. cryolite, 25 ^ . u . .i. j*. r u 

^ . ."^ . „ . „ In most embpdiwnts, the width of the c;hannel$ or 

T^ m^mmv^mon^^ grooves i? at l^as^ as gr^^at as ftieir dej«b. m channels or 

"'^^^^"""i^^ gropves.hayeai^t^iair.>^p,^^ 

S L ^ ^r^S'*"^^^^^ Wetlic c^ssictipn (Signed to penEt ev^«- 

my^aonventional^eell andevenm^^^ ation i^id coUectipn.pC^^iro^ 

' . . , * ^ drained cell cpnfi|3F^^tion,, or de^iped to ^t as a bOTCr 

»e mventioB con^s an electrdlyti^^ei^ll fdr the elec- to aluminium movement to reduce or eliminate turbulent 

trowinntng of ^auminium from alumina dissolved in a aluminium pool mpvement in a pool configuration. 

halWt^on^ining mdten elec^^^ cell when the surface of the carbbn cathode cell bonom is 

bc^C^m^de^f a sew^^^^ ^^^^ y or groove^ m^^y run down the sloping 

s,dc-by^|deforex^U.w^^^ ..^hode bottom ^mfiice to faciOtate drainage of *e alu 

tional cells on P^er^bly by glue, each cathode block bemg ^^^^ ^„ ^ grained configurapon. For example, *e carbon 

pfPMi«ted.witfe«te^oj^^th«r c^n^m^MmM m dehveiy cattio4^ ceH bottoni, cornprises at least' two sloping tiarts 

''^Sr^^l'S^ ^ ^ there being at the iri^r^ctibn of the two slopi^^ 

calotte c^. t^t^fji. ^ collecting channel or an aluminium reservoir for cdll^ction 

Accorduig^'to^ Oie inv^tion, the tops of the carbon-blocks of die drained ^imBiiiisim. 

foFiyiig the^eathdde celt bottom^^^^^^ series fteferably, tfie surfaces of the carbon blocks making up 

of parallel channels or grooves eovemd in^use by a pool or the cathode cell bottom are treated to reduce sodium 

layer of molten alununium, so as to greatly decrease move- penetraUon, for example as described in PCT/IB94/00033 or 
mentoftheahinimmm.p0ol^ 45 in PCm;S93/II38a or aie coated with a layer which 

operation^aiidextendxell life. ' educes sodium penetration, for example a refractory hard 

The surfaces (tf the eafbon blocks making up the cathode metal boride applied from a siuny containing colloid as 

cell botton* are most preferably coated with a layer of disclosed in PCftirS93/05145. 

alumlnnim^wettable Refractory material, advantageously a in general the carbon cathode blocks are made resistant 
partiQulate le^ctory hard metal boilde applied #€mi a^slurry 50 to chemical attack and to mechanical attack. The surfaces of 

ccmtmning coHoid, for example as disclosed in PCT/US93/ the carbon blocks making up die cathode cell bottom can 

0mm- alsQ 5^ coated with a layer which prior to use or in use 

TOe surfaces of the carbon blocks making <^ the cathode becomes harder than the carbon cathode block and thereby 

ce^ll b^om^m be covered by a layer of moften ^i»mnium protects the surface against abrasive wear by limited move- 
fornaittg a drained cadiode surface, the ch^elS or grooves 55 ment of the molten aluminium. Moreover, the hardened 

forming a canal serving to guide the flow of aluminium. In cathode surface remains dimensionally stable whereas a 

this drained eonftgura&on, the channels or grooves are partly facing carbon anode may erode and conform to the shape of 

Sled with molten aiumimum so that^the eleetrotysis takes the cathode. This surface-hardening effect can be achieved 

place between ^ealuminium-wettedeafliode and Ihe facing with the aforementioned refractory boride or other alu- 
anode surface. 60 minium wettable refractory layers which provide an essen- 

Altematively, the surfaces of the carbon blocks making up tially dimensionally stable surface, 

the cathode cell bottom are covered by a pool of molten In this way, the cathode cell bottom can remain dimen- 

alunltnium, the channels or grooves serving to restrain sionally stable during electrolysis and, because of this, it is 

motibh of the alimiinium making up this pool. In ^is case, both possible and advantageous to provide channels in the 
the aluminium pool covers completely the carbon blocks so 65 tops of the carbon cathode blocks because these channeled 

that Oie electrolysis takes place between the sUrfajce of die blocks wiU remain dimensionally stable during cell opera- 

aluo^niun^pool and the facing anode surface. Due to the fact tion. 
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The cell incorporating the channeled cell bottom can the invention, three such blocks being shown. The blocks 10 

employ conventional carbon anodes which wear in the are generally rectangular and niade of carbon in the fomi of 

normal way for the pool configuration but whose shape anthracite or graphite of the. normal grade used for alu- 

adapts to the channeled cathode, in the drained configura- minium production cathodes. In their lower face, the blocks 

tipn Specially-shaped carbon anodes designed to cooperate 5 10 have a recess receiving a steel conductor bar 11 which is 

with_ the channeled caOiode design and in pmticular to connected^ in the blocks by cast iron 12. Tliese steel con^ 

2ln nin^ ?"^^^ T^' ' T'T^ "^f A'^' ^1 '^'^^<^ ^^^^^^^V a negative bus bar of the 

molten alumimum at the cathode can also be used. Dimen- ^^jj ^ & 

sionaliy stable anodes can also be employed. 

One method of fabricating an electrolytic cell according ,^ .T^f ''^^l^if^ ^Oof the blocks 10 are beveled and, in the 

to the invention comprises providing channels in the carbon middle of the blocks upper s^if aces, gener^ly V^ped 

cathode blocks before or after assembling the blocks to form ^^^^'^^ are m&cMned. When two blocks 1^ l^rought 

the channeled cathode cell bottom. The channels are pref- together, the adjacent beveled edges W^mm ^sorsi^V^^haped 

erably machined in the catbon cathode blocks, for example ^^^^^ chaniiel similar in shape and size, and par^iel to, 

using a milling cutter. Fot some shapes,' especially with^ the grooves 21. 

bevels, it may however be convenient to prbvide the chan- ' adjacent Wooks 10 are joined sitteAvays by mmmiig 

nels by extrusion. If the blocks include bevels or cut-otits P^''^^ exjanple m\ amhracite-based '|)ast€ to a 

along their edges, when the adjacent blocks are brought continuous cst\m c^ll bottom. Usu^lHy, eac:h felock 10 

together, the bevels or cut-outs between the assembled extends overte^entire v^^idtii of the cell. If this is not so, 

adjiae^t blocks form channels. ^ adjacent blocks 1:0 m die longitudmid direction, i,e. along 

Machining operations such as milling/cutting in particular the direction of the cwdaetor bars 11, may also be lomed by 

are simple to execute to provide a series of parallel channels ramming past^. instead of mirig mitMng pa^, the *^Ioeks 

or grooves of any desired Shape in the carbon blocks. advantageously ibe bonded by a resk^b^ed ghie, in 

When the blocks are assembled side-by-side, gaps can be "^^^^^ case the gap between the adjacent blocks wo^d be 

lefrl5^stween the adjtot blocks, which gaps are fill^^^ -,5 ^"^^^ 

ai) atithracite-based or other usudl ^dmhiing paste, " An anode IS is.dia^am^ticaliy h4^<^ed»ia te^^^ 

Pffeferably, however, thfe blocks AVill be asserflble^ tiding a ^^^^ the ceii ifi&tt^m formed. by ^i^locks^^*! 

glt^, as is kilov^n f6r bonding together carbon cathbde V-shaped ^00y^<^^hanneis?^^21 is covmd^y a #^te^ 

bl&k^ With Tio or <5niy a very small gap, such as a i^sin^ P^^* of «r01teJi^*^adnium^.40. (s^e. m jm 1M 

based glue, or an ihoi^miic glue as disclosed in PCT/IB^/ S^'^dves or u^mimh ^^ M m pml^ Mlkd vd^ m<^m 

OOGM Either way, the assembled blocks fdta a cohunuous ' aiumimwi, as wil be^smbed in daipl iaten ; /. . 

carb6n cell bottom in die same manner as in coftventionai 2 ^^o\^"tee>simOi^^©hi^ek^ cai^irtl^s^^ 

ce^ls^apart from the fact th^ suif ace <rf the ^ell bbitom with gmm m^^m^eM Bf dS^^'^^l^v 

is cliitoheled. can be a&^ialil#^^,a-igeJl b@tom uisirJg l^ 

Bef^^e 6f ^er assembly, the carbon hlotU may be 35 P^^^^- ^ ^^t block has a parallel series ofgmm^rmsm^ 

d-^lfel^fe Ipt^eAeih resistant to cherft gular ,gr^©\^ /^? r.A^<rh a« si%htly ,^id6r ^M 

at^afck. Seftaie smrt up tiif the cell for i)roduting ahmiimum, Usuaily,itiie wid^ of ^ gmv^s M k m Um as great as 

die iSell boftotn is preferably tt^ated^6 harden the ^^^^^ depth. 1ie^^ec©nd bloofe has iem^yr/mpemiM 

suifidbijf the cathode blocl^ and render the surfate wet^ble grooves 23, andi^e^^ird' biocfc has -shaped ^wves ^.of 

by molten aluminium. Wh^teby in use the cafbon cathode 40 ''O""*^^^! cros&^secti^nv these ^shapes beiiig ^ve^ by.w^ of 

blocks remain dimensionally stitble and are wetted by mol- example^i^-many ip©§sibfe^ shapes, 

ten aluminium. All of ^ described- bevels 2^ and-gmov^s llv 22, -24 

riPKirftTPTTAXr riP np AwiMr'c ^^^^^ ^ mamne^d ^ti ^eby^k^s M), for iits^ce^mug 

i^^cKiKiiuiN uh uKAwiNO^ ^ ^.jj^^^^ cumtr Al^^ativ^ly, It IS pos$Jbie> to pmvidfr 

Rei^fenc&jsnow.made to the drawings wherein: grooves or beveJs or odier fornis of chj^ne! by other 

1 schemadeally show;S pfart of a eel! bottom formed methods; ft>f example by extrusion, 

of toee^icaSiode^bl^ j)ro\ided with paralld-diannels in FIG/S^sche^n^itic^ shws^n^^iitstiaiam i>f<^ti0iH?dl 

accorldanee wiOi the invention; incorpomMng ^ ^mon cell hotter fmtiet of <jftwn^1ed 

FfG. 2 sdiematically shows three different cadiode blocks carbon bloeks toilar to Aose described j^vCi The 
of ceil bottoms in accordance with the invention provided 50 diagramaticMl^-^hdWfi ceU structure c^rt^rises a s«eei shell 

wi^ parcel charaiMs of diff^irent shapes: 30 of known ccmtaihing refractcny maieriial^31 over its 

flO:^ is a sehem^c^^ction^ view though electrolytic bottom and extem^sgfup its sides, "ThetiioclL^ tt; ^ti^&cted 

eel according to die inv^smibn* incoiporating channeled together by rammiiig paste? 14 (or aat^^tveiy giuisdi are 

cc^tJSodt bltfeks a^d t^boh^imode supported^ioni^s^reMctory r^erid 31, wi^^^e isidettiOst 
WS; -4 is a schemliib settional view' through part of 55 blocks l^connectedby rMnmingpasfte M toan i^]^J2 of 

another electrolytic cell according to the invention, also carbon or a refractory carbide such a& silicon 'carbide. As 

incorporating channeled cathode blocks and carbon anodes; previously, the bottoms of blocks l^have recesses^^eeiving 

HG. 5 is a similar view of another electrolytic ceil steel conductor bais 11 connected in the blocks by cast iron 

according to the invention, incorporating channeled cathode ^-^ which conductor bars 11 extend externally to a negative 
blocks and dimensiondlly stable anodes; and 60 bus bar of the cell. 

HG. 6 is a view similar to HO. 3 of another electrolytic top surfacfes of the blocks have a series of i^ar^fel 

ceiHccdrding to the invention. channels in the^form of a wavy ^rbifite jMvdiough dliis xioifid 

DETAIi^D DE^ICRIPTION OP THP """^ """^ of the o^et shapes shown in mQSA and'2, or 

UETAii^D DBS(^^ THE ^t^er channded.shape^. This chmifteled profile ^ forms the 
INYtNlJUiN ^3 ^^jp surface of the carbon cell bottom which is advanta- 

RG. l^chen^tically shows part of a cell bottom formed geously covered with a coating 35 of aluminium^wettable 

of im assembly of channeied cathode blocks 10 according to refractory materiiU on which, as sho^n^ there is a pool 40 of 
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molteiv idttminium below a halide-based molten electrolyte Befoie or after applieato of the coating 35 md befdre 

41 such as molten cryolite containing dissolved alumina. use. the channeled cathode can be pairited^ sprayed, dipped 

Several jmodes 15, conventionally blocks of prebaked or infiltrated with reagents and precui^ors, gels and/or 

csB^^h, m suspended' in the cell by the usual mechanisms colloids. For instance, before applying the slurry of particu- 

(not ShoAvh) efiabMng^ fiiek height to be adjusted. Oxygen 5 late refractory boride in the colloidal carrier the channeled 

evolving non^carbon anodes may be suspended in the cell cathode can be impregnated with e.g. a compound of lithium 

instead of the carbon anodes 15 but do not need to be to improve the resistance to penetration by sodium, as 

vertically adjustable because they are non-consumable. The described in PCT/IB94/00033 the contents of which are 

anodes 15 dip in the molten electrolyte 41 facing the incorporated herein by way of reference, 
channeled ca&ode surface 25 (the-anode-cathode gap is not To assist rapid wetting of the channeled cathode by 

showto scale). In o|>eratt©n^ the cryolite-based elecurolyte molten aluminium, the refractory coating 35 on the chan- 

41 is usually at a tert^ra&ire of about 950° but die neJed cathode may be exposed to molten aluminium in Ae 

inveh^on appHes ats© '^ components used in <?elis with presence of a flux assisting penejigr^tion.of (duminium into 

electrolytes well below 900° C, and as low a<; 700* C. the refractory material, the flux for example comprising a 

T^e siHTface of to chsmneted profile 25 of the carbon fluoride, a chloride or a borate, of at least one of lithium and 

cathode blocks 10 csm be tnade dimensionally stable by sodium, or mixtiires thereof. Such treatment favors alumi- 

applying a coating 35 of an.iduminiuni-wettable refractory nizaiion of the refractory coating by the penetration therein 

hard metal iRHM) having little or no solubility in alu- of aluminium. 

nuniam and having, good -resistance to attack by molten In operation of the cell iilustmted in FIG. 3, as shown, the 

cry43^. Note ^at coating 35 also covers the ^-amming coating 35 on the, channeled profile 25 of the carbon blocks 

pa^7t4 ^md Us€iM ^RMM include botides M titanium, 10 jn^ng up the c^atfiode celj' bottpm is covered by a pool 

<c^liWi^ dir^nitma; nickel, cobalt,-. ton, nio^ of molten ^uininluna H^e ch^gls in liie siurf^ice serve 

bi^r^d/or ^mt<^t3m:iJmM - cathode m^erials are car- to restrain motion of jtbe aium^TO Up the pool 40 

bomceous materials such as anthracite or graphite. mainly in the n-ansverse (Erection of the cell! Hie aluminium 

it % prefm^d fliaa techamieled profile 25 of thfe ca&ode pool 40 covers completely the -pjui>on blocks 10 so that the 

of the present invefetioti h^ve a coating 35 of particulate electrolysis takes .pla<^ between ^e sujfac^ of tiie alu- 

rei^t^ hard mml boride 'in a colloid applied from a minium pool 40 a?wj..tfte facing surface of anode IS, An 

slwy of the pardcS^te? fefr^i^ory. hard^ihetal boride in a advantage is that the de|*^ of die alununiu^ popl 40 can be 

cQ^0idcaaSer, ^fet^l^?coMoid c^pi^es at Jeast one of reduced because qI ilfe feductjon isi ti^tilejicc. 
coUjoidsd alumkm, s^fcai* y^a, ceria, <&oria, ^^c^aiia, AUernatively^ iaie (?l^aBn^Je<i siirface> i^ pf ^ raitpn 

ni^iipv^lH^vli^i^^ ^t^oids^imiaim ^phoss^ate l^^m blocks 10 making #ie #^o<te celj^bottpm* «^i^d with a 

ac^«(|tl?iet;jrfioidal?0^!^*eas been fou^d to considerably refraetoi^ alumimum*wet^ble coating ii^ imy -H coveted 

imf^r^ve die pp^^^m die coating fsroduced'^y non- by a thin layer of molten aluminium forming a dl3^uned 

reactive simei^iig* cadaode surface, the channels serving to guide ifte fl^w of 

P6f/US9B/05142 (diecostents whereof ifre incorporated * aluminium. In dais drained con^guradon, die chi^liels are 

heteki by way of r^eferek^e) |tf©vides a mediod ofmpptying partly filled with inolten alundhium 3o diai|.die;,^fl5olysis 

teMetory -Mrdiii^ifeOEtde a caj^n contaihit^^^tnpo* takes place, l:>etw^en die alimmuni')yed^ «atfeo^,5^i$ace 

n^atW a^eH f©f Jthe ^aodus^defn aauniimtimi in p^icuiar ^ 25 and. the facing sv^^^ of IS yWcb w^lfe tea4 *o , 
by the >eiec«©fy^s of aJ^mina dissolved in a cry^ike-based ^ wear jn such a, way as t<? cordom. to the stirfa^e"^* A cell 

moiten electrolyte, d>i$ in^^od comprising apptyi% to die wi^^such a drained configuration, will be d^k<m^i^iow in 

stMa^ of sfon^njlJIftva ^Jto^ of particulate preformed connection with FIG. 6. 

re^loty boride in a coHpidal 4;arrier as specified above, . FIG. 4, where die same reference numerals are used to 

followed by drying^^nd by^ieat treatment before or ^r the designate the ssaitne element^, shows part of another alu- 

component is iust^ed in die aluminium production ceil. minium producdoft cse^t whos^^ceH bdttom is made Up of a 

The mediod of j^)plicad(m^ die slurry to the channeled series of channeled carbon blocks 10 joined by ramming 

ca^odes of die pres^tjnvention involves pmndng (by paste 14. Here; ;die channels, ^ffe forriie^lby ^l?siapo^g 

brttsh^jF^et), dipping, sprayingvor pourmg the sluny onto > blocks 10 having inclined surfaees^^r 25 air^anged alter, 

die "Cihaaflekd ea&odei and allowing to dry before another nately facing one tmo^r so as to form?¥?^a|>ed^chaafi^ls 
lay#^is^dded.>^etf?0i^j^3Sd0e5 not need to be entirely 50 .28 between adjacent blocksv^se dKiflnels 2«^'!^^vmg a 

dryMfme^^^fAm^m^i^ next layer. It is pi^feired to ' sfream or canal 40' of ^olt€n:aliiiStitlliiim in^^ir Imma part, 

he#,die eoati^ 35 widi- a^lttimble source so as to completely Above the V-shaped^channei ^^and alut^ii^ emial40' are 

dryit and improve4ensifeation of the coating. Hewing and carbon anodes B >A4di coirespondrng V^sh^d active faces 

drying take place prefembiym^aon-oxidrzingatmospheres at 16 terminating with a lower ftattei^ed pw47 opposite the 

about£«e^20O° C, usqaHy for half an hour to several hours. 55 aluminium canal 40'. Hiis flattened part 17 can be formed in 

The^i^amieled profile 25^ the cathode may be treated by ^^e. 
s^d%1^dngorpiclded-w5diaci^ or fluxes such as^eryolite The cell of HG. :4 operates as a drained cadiode cell, 

or other €0n^inati^s*t>f fluorides and chlorides pribr to the wherein the aluminium produced on die inclined cadiode 

application of die coadng;;Similarly the channeled cathode surfaces 26 and 27 coated widi die alunainium-wettable 

surface may be cleaned with an organic solvent such as 60 refractoi y coating 35 flows down into die channel 28 where 

acet^Hie toaemoveoily product and other debris prior to the it is collected in the aluminium canal 40'. The channels 28 

applicationof the co^n^.aese treatments will enhance the are inclined in die longitudinal direction of the cell in order 

bondMig.^f the eoatings^to :the channeled carbon cathode. to permanently drain the product aluminium, at a rate to 

J^to^^a^ng dSe^d^^eled cadiode by dippings -painting keep the level of aluminium Canal 40* stable, 
or SpiiyiiKg^e sturdy omfi^ihations of such techniques in $5 In thi^ drained configuration, the channels 28 rate thiis 

sii^iot multilayer ^;<^ti^s and drying, a final coat of the partly filled with mcateri^^andnittm* so %at^ to electrolysis 

colida^ donjfc ^nay be j^ed lightly pri takes place between die atondMam^wetted ca^ 


